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ABSTRACT

A liquid-vapour distribution device for use in two-phase
stream concurrent down-flow vessels comprising:

a plurality of BOXVLTs fabricated in form of self-
supporting structures (beams) and tray panels when in-
stalled forms a tray which will be essentially leak free at
the junctions and between the tray and the vessel wall;

said horizontal self-supporting structure consisting
of a bottom plate being perforated with at least one row of
apertures of equal size, wherein each aperture is fitted
with an elongated down-flow channel (downcommer) being in
form of a tube or any other geometric shape with the same
geometrical cross sectional shape as the apertures in said
beam and the down-flow channel is provided with an inlet
for the concurrent two-phase stream, and wherein at least
two of said down-flow channels are fitted with a common
riser cap being attached to and along at least one wall
portion of each down-flow channel and mounted over and

spaced apart the inlet of the down-flow channel.
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Application Number:

Lodged:

Invention Title: Vapour-liquid distribution device

The following statement is a full description of this invention, including the best method of
performing it known to us:
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BACKGROUND OF THE INVENTION

The present invention relates to a liquid-vapour distribu-
tion device for use in two-phase concurrent down-flow ves-
sels. In particular, the invention concerns a liquid dis-
tribution device in form of a common header combining mul-
tiple vapour 1lift tubes (referred to as a BOXVLT) that im-
proves distribution of liquid and vapour phases when a plu-
rality of these BOXVLTs are assembled over a cross sec-
tional area of a vessel in order to achieve thermal and
compositional equilibrium in catalytic reactions. The de-

vice is in particular useful in hydroprocessing reactors.

The known designs of liquid distribution devices fall into
one of five categories. The first is a series of troughs
and overflow weirs to systematically subdivide the liquid
into multiple streams before it contacts a catalytic bed.
This type is often used in liquid contractors or counter-
current absorbers. An example of this type is described in
U.S. Patent No. 5,192,465.

A second type of liquid distribution devices is a perfo-
rated horizontal tray. This may or may not have notched
weirs around the perforations. The tray may also have chim-
neys for vapour flow. This type of distribution device can
be used for rough liquid distribution in conjunction with a
more sophisticated final liquid distribution tray. Examples

of this type are disclosed in U.S. Patent No. 4,836,989.

The third common type of liquid distribution devices is a
chimney tray. This device uses a number of standpipes laid

out typically on a regular square or triangular pitch pat-
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tern on a horizontal tray. The stand pipes typically have
holes in the sides for the passage of liquid. The tops of
the standpipes are open to allow vapour flow down through
the centre of the chimneys. Some designs use special vapour
down-comer chimneys to handle the bulk of the vapour flow.
This type is known from U.S. Patent Nos. 4,126,540 and
3,353,924.

The fourth type of liquid distribution devices is a bubble
cap tray. This device uses a number of bubble caps laid out
on a regular-pitched pattern on a horizontal tray. The bub-
ble cap is formed with a cap centred concentrically on a
standpipe. The sides of the cap are slotted for vapour
flow. Liquid flows under the cap and, together with the va-
pour, flows upward in the annular area and then down
through the centre of the standpipe as described in U.S.

Patent No. 5,158,714.

The known trough type distribution device is mechanically
complex and very sensitive to levelness. Depending on the
design of the transitions between troughs, the quality of

the distribution may also be susceptible to fouling.

The known perforated plate design is similar to the chimney
design. The chimney design is preferred since it can be
designed for a wider range of liquid/vapour loadings and is

less susceptible to fouling.

A further known type of liquid distribution devices is per-
forated tray provided with vapour lift tubes in form of a
long legged down-comer fitted with one or more short legged

upcomers creating an up-flow zone and down-flow zone within
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the tube. The sides of the short legged upcomer are slotted
and liquid flowing concurrently with vapour is lifted by
means of the vapour flow upwardly in an up-flow zone and
evenly distributed together with the vapour through the
down-flow zone to an underlying catalyst bed as further de-

scribed in US Patent No. 5,942,162.

The advantage of a vapour 1lift tube device over a chimney
type design is the significantly wider turndown range pos-
sible with the vapour lift tube. As the liquid flow de-
creases, a properly designed chimney must either become
taller or have smaller holes drilled in the side. Due to
fabricating tolerances, care of installation and deflection
due to operating load, not all of the distribution devices
will be at the same level in the vessel. At some level of
turndown, some holes will be covered with liquid and others
will not. This results in uneven liquid distribution over

the surface below the tray.

SUMMARY OF THE INVENTION

This invention is a liquid-vapour distribution device for
distribution of a concurrent two-phase stream in a down-
flow vessel comprising:

a plurality of horizontal self-supporting structures
acting as support beams and tray panels and when installed
forming a tray which will be essentially leak free at
junctions of the structures and between the formed tray and

inner wall of the vessel;
each of said horizontal self-supporting structures

consisting of a bottom plate being perforated with at least

one row of apertures of equal size, wherein each aperture
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is fitted with an elongated down-flow channel being in form
of a tube or any other geometric shape with the same
geometrical cross sectional shape as the apertures in said
bottom plate and each of the down-flow channels is provided
with an inlet for the concurrent two-phase stream, and
wherein at least two of said down-flow channels are fitted
with a common riser cap being attached to and along at
least one wall portion of each of the down-flow channels
and mounted over and spaced apart the inlet of each of the

down-flow channels.

The combination of down-flow channels and a common riser

cap is referred to as a BOXVLT.

The self-supporting structure according to the invention is
horizontally supported in the vessel and its edges are
tightened against edges of an adjacent self-supporting
structure or tray panel with gasket or otherwise sealed to
provide an essentially leak free surface covering the cross

sectional area of the vessel.

The bottom plate of the self-supporting structure/tray
panel is perforated by evenly spaced apertures across its
surface, which apertures are distributed in at least one
row on the bottom plate. The apertures may be round,
square, rectangular or of any other geometric shape. In all
cases, an optimised pattern is used to provide approxi-
mately even spacing between all perforations and to provide
an approximately even ratio of aperture area to horizontal
tray area across the entire tray being formed by a plural-

ity of rows of BOXVLTs.
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At least one BOXVLT consisting of two down-flow channels
covered with a common riser cap create a vapour lift tube
device on each self-supporting structure/tray panel with at

least two drip points.

The vapour lift tube device according to the invention is

similar to the bubble cap device in concept but has several
advantages. Since the vapour lift tube device is smaller,

more can be placed on a distribution tray being made by ar-
ranging a number of beams side by side inside a reactor to
achieve better distribution of liquid. With a smaller spac-
ing, the size of these gaps is smaller. Overall wetting ef-
ficiency below the tray is better with a smaller pitch than

with a larger pitch.

A particular advantage of the distribution device according
to the invention is its simplicity that makes it easier and
less costly to fabricate and to install in the optimal size

proscribed by process conditions.

In many processes where the invention will be used, e.g.
hydroprocessing reactors, there can be wide variations in
the vapour and liquid phase rates and physical properties
over time and during turndown operations. Due to fabricat-
ing tolerances and the care of installation, there will be
unavoidable variations in the distribution tray levelness.
Liquids dropping onto the distribution tray from an inlet
distributor or quench zone mixer may be unevenly
distributed and could result in liquid height gradients
across the tray due to splashing, waves or hydraulic head.
An optimized liquid distributor design using the vapour

lift tube concept is possible that will provide better
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liquid distribution below the tray than can be obtained
from optimized designs of trough distributors, simple
perforated plate distribution trays, chimney type
distribution trays or concentric bubble cap distribution

trays.

The distribution device of this invention will typically be
used in hydroprocessing reactors. By obtaining even
distribution of the liquid reactants over the entire
reactor cross sectional area, all the catalyst at a given
level is evenly wetted. Thus, all the catalysts at a given
level operate at the same efficiency, which increases the
overall efficiency of the reactor. Additionally, even
liquid distribution maintains even radial temperature

profiles across the reactor.

In one embodiment of the invention, at least two down-flow
channels are covered with a common riser cap being attached
to and along two opposite walls of the down-flow channels
provide a vapour lift tube with a T-like shaped cross sec-

tion.

In a further embodiment a vapour lift tube is shaped with a
cross section like an inverted U by fitting at least two
down-flow channels with a common riser cap, which is at-
tached to and along one wall portion of each down-flow

channel.

In still an embodiment a drip edge on the bottom side of
the beam is created for each perforation by means of the
down-flow channel extending through the beam or by a sepa-

rate channel piece attached to the beam. The drip edge may
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further be formed by extrusions on the beam or by equivalent means.

It is preferred that the down-flow channels have the same height at all points on
the horizontal self-supporting structure.

It is also preferred that the riser cap has one or more vertical slots cut into its side
with a slot height ending at or below the elevation of the inlet of the down-flow
channel.

In another preferred embodiment, the inlet end of the riser cap terminates above
the level of the horizontal beam so that a liquid in the two-phase stream is not

impeded from flowing into the lower portion of the riser cap.

A further aspect of the present invention provides a liquid-vapour distribution
device for distribution of a concurrent two-phase stream in a down-flow vessel

including:

a plurality of horizontal self-supporting structures acting as support beams and
tray panels and when installed forming a tray which will be essentially leak free at
junctions of the structures and between the formed tray and inner wall of the

vessel;

each of said horizontal self-supporting structures consisting of a bottom plate
being perforated with at least one row of apertures of equal size, wherein each
aperture is fitted with an elongated down-flow channel being in form of a tube or
any other geometric shape with the same geometrical cross sectional shape as
the apertures in said bottom plate and each of the down-flow channels is provided
with an inlet for the concurrent two-phase stream, and wherein at least two of said
down-flow channels are fitted with a common riser cap being attached to and
along at least one wall portion of each of the down-flow channels and mounted
over and spaced apart the inlet of each of said down-flow channels, wherein a

dividing plate is arranged between one and more of said down-flow channels.
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DETAILED DESCRIPTION OF THE INVENTION

Brief Description of the attached Drawings
FIG 1 shows a perspective view of the self-supporting structure, which consist of

minimum one beam, which includes a riser cap, a down-comer and a bottom

plate, the combination thereof is in the following description identified as box
vapour lift tube or BOXVLT.

FIG 2 is showing perspective view of a self-supporting structure with 3 BOXVLTs.
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FIG 3 (A-D) is showing cross-sectional view of the BOXVLT
(seen from below) with examples of different layout of the
down-comer with various shapes and various patterns.
Detailed Description of the Invention.

The liquid-vapour distribution design concept (referred to
as self-supporting structure) is shown on FIG 1 and FIG 2.
The device consists of one or several BOXVLT 1 extending
from one side of the reactor inner wall to the other side
of the reactor inner wall, a skirt 2 which is curved with a
curvature corresponding to the curvature of the reactor in-
ner wall (not shown) to allow a gastight installation. The
longitudinal edge 7 of the self-supporting structure is
linear adapted to be assembled with either another self-
supporting structure (not shown) or a non-self-supporting
tray panel also equipped with one or more BOXVLTs (not
shown). All junctions will essentially be leak free. Each
BOXVLT consist of a common riser cap which covers two or
more down-comers 4. Down-comers 4 can vary in shape, size
and layout of the pattern (Examples see FIG 3). Each down-
comer fits into apertures made in the bottom plate 3. Be-
tween each down-comer 4 is cut one or more vertical slots 6
into the side wall of the riser cap 5. The top of the slot
is at or below the inlet end (not shown) of the down-comers

4.

Figure 3 is a cross section (section B-B) through a BOXVLT
looking upwards into the riser cap. Fig 3A is a BOXVLT with
squared down-comers aligned and fasten to both walls of the
riser cap in a straight pattern. Fig 3B has rectangular
down-comers aligned and fasten to only one wall of the

riser also in a straight pattern. Fig 3C is similar to FIG
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circular down-comers in a triangular pattern.

A further improved distribution efficiency, i.e. lower sen-
sitivity against male-distribution of the two-phase flow
may be obtained by mounting dividing plates 8 between the

down-flow channels as shown in FIGs. 3A-C.

In operation of the invention, a liquid level will be es-
tablished on a tray made up by a number of beams each fur-
nished with BOXVLTs in form of self bearing structures and
as tray panels. The parts are assembled along their edges
and along a reactor wall in gas/liquid tight manner. The
liquid level on the thus formed tray will be above the bot-
tom of the common riser caps 5, but below the top of slots
6 in the riser caps. Vapour will pass through the slots
creating a pressure drop between the inside and outside of
the BOXVLT being composed by the common riser cap and a
plurality of down-flow channels. Due to the lower pressure
inside the BOXVLT, the liquid level will be higher inside
than outside of the BOXVLT. The vapour and liquid will mix
inside the riser cap with the vapour lifting the liquid to
flow up and over the wall at inlet of the down-flow chan-
nels 4. Liquid will partially disengage, while flowing over
the wall at the inlets and down in the down-flow channels
4. At the opening below the bottom plates 3, the liquid and
vapour will further disengage with the liquid draining off

the drip edge of the down-comer 4.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A liquid-vapour distribution device for distribution of a concurrent two-

phase stream in a down-flow vessel including:

a plurality of horizontal self-supporting structures acting as support beams and
tray panels and when installed forming a tray which will be essentially leak free at
junctions of the structures and between the formed tray and inner wall of the
vessel;

each of said horizontal self-supporting structures consisting of a bottom plate
being perforated with at least one row of apertures of equal size, wherein each
aperture is fitted with an elongated down-flow channel being in form of a tube or
any other geometric shape with the same geometrical cross sectional shape as
the apertures in said bottom plate and each of the down-flow channels is provided
with an inlet for the concurrent two-phase stream, and wherein at least two of said
down-flow channels are fitted with a common riser cap being attached to and
along at least one wall portion of each of the down-flow channels and mounted
over and spaced apart the inlet of each of said down-flow channels, wherein a

dividing plate is arranged between one and more of said down-flow channels.

2. The liquid-vapour distribution device of claim 1, wherein the down-flow
channels have the same height at all points on the horizontal self-supporting
structure.

3. The liquid-vapour distribution device of claim 1, wherein the riser cap has
one or more vertical slots cut into its side with a slot height ending at or below

level of the inlet of the down-flow channel.
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4, The liquid-vapour distribution device of claim 1, wherein an inlet end of the

riser cap terminates above the level of the bottom plate of the self-supporting
structure.

5. The liquid-vapour distribution device of claim 1, wherein the common riser

cap is attached two opposite walls of each down-flow channel.

6. A two-phase stream concurrent down-flow vessels including a liquid-

vapour distribution device according to anyone of the preceding claims.

7. A reactor being provided with one or more liquid- vapour distribution
devices according anyone of the preceding claims.

8. A liquid-vapour distribution device for distribution of a concurrent two-
phase stream in a down-flow vessel substantially as herein described with

reference to accompanying figures.

HALDOR TOPSOE A/S

WATERMARK PATENT AND TRADE MARKS ATTORNEYS

P31155AU00
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FIG 1
SELF-SUPPORTING STRUETURE




